A synapse is a cell adhesion structure that permits a neuron to pass a chemical or electrical signal to another neuron. They connect neurons and form neural networks that are essential for brain functions, such as learning and memory. At a chemical synapse, the presynapse and the postsynapse are connected by cell adhesion molecules. The presynapse contains synaptic vesicles and their release machinery, whereas the postsynapse contains postsynaptic densities and receptors for the neurotransmitters. Many proteins constituting a synapse have been identified, but their life-span expression profiles remain elusive. Here, we investigated the expression levels of representative synapse-related proteins by Western blot using the extranuclear supernatant fraction of the brains of mice at various ages. These proteins were classified into seven groups depending on their expression profiles during the embryonic stage, those from postnatal day 6 (P6) to P30, and those after P90. The expression levels of the majority of the proteins were gradually increased from the embryonic stage and then decreased at P14 or P30. After P90, the expression levels were not markedly changed or, in some proteins, increased. These results indicate that the expression levels of the synapse-related proteins are regulated orderly in an aging-dependent manner.
Introduction
Synapses connect neurons to form neural circuits and convey chemical or electrical signals from one neuron to another neuron. Chemical synapses are generally classified into excitatory and inhibitory synapses (Shepherd 2004) . In chemical synapses, synaptic transmission occurs from the presynapse to the postsynapse in response to an action potential reached to the presynapse. The presynapse contains synaptic vesicles (SVs) and their release machinery, named active zones (AZs), whereas the postsynapse contains postsynaptic densities (PSDs) and receptors for neurotransmitters. The presynapse and the postsynapse are connected by cell adhesion molecules (Siddiqui & Craig 2011) . Two types of cell adhesion apparatus are known: synaptic junctions which are found in all chemical synapses, and puncta adherentia junctions (PAJs) which are found in some types of synapses (Spacek & Lieberman 1974) . In electrical synapses, gap junctions allow electrical communication (S€ ohl et al. 2005) .
Many components of chemical synapses have been identified: the SV proteins including synapsin I, synaptobrevins, synaptophysins, Rab3 and VGULT1 (Benfenati et al. 1989; S€ udhof 1995; Fremeau et al. 2001) ; the AZ proteins including Munc13, RIMs, liprin-a, bassoon, piccolo and CAST/Elks (Ohtsuka et al. 2002; Gundelfinger et al. 2015) ; the release machinery proteins which link the SV proteins to the AZ proteins, including synaptobrevin, SNAP-25, synaptotagmin and syntaxin (S€ ollner et al. 1993; Bajjalieh & Scheller 1995) ; the PSD proteins including PSD-95, GKAP/SAPAPs, Shank, synGAP, homer, MAGUIN, CaMKII and glutamate receptors (Takeuchi et al. 1997; Yao et al. 1999; Sheng & Hoogenraad 2007) ; the synaptic adhesion proteins including neuroligin and neurexin (S€ udhof 2008) ; and the PAJ proteins including N-cadherin, b-catenin, aN-catenin, ZO-1, nectins and l-afadin Inagaki et al. 2003; Takeichi 2007; Takai et al. 2008) . The adhesion components of electrical synapses are the connexin family proteins (S€ ohl et al. 2005) .
Neural circuits and synapses are formed excessively during the embryonic stage and early childhood. Then, some of them are eliminated depending on their activity during childhood and adolescence (Penzes et al. 2011) . In the adult brain, in which elimination and formation of the synapse are in dynamic equilibrium, the number of the synapse is hardly changed. Synapses and neurons are lost gradually depending on aging. The molecular mechanisms for the development of the nervous system, particularly for the formation of the synapse, have been intensively investigated. Many of the molecular players, which are involved in synaptogenesis, have been identified. At the beginning of synaptogenesis, an axon terminal finds its appropriate target at the laminar, cellular and subcellular levels (Williams et al. 2010) . Then, the axon terminal recognizes its correct target to form a synapse. For the recognition and maintenance of the synapse, cell adhesion molecules play important roles. For example, neuroligin, LRRTM and GluRD2 are considered to induce the formation of the presynapse (S€ udhof 2008; Siddiqui & Craig 2011; Yuzaki 2011) . Receptor-type protein tyrosine phosphatases (PTPs), such as PTPr, PTPd and leukocyte common antigen-related (Lar), are considered to induce the formation of the postsynapse (Takahashi & Craig 2013) . Secreted factors, such as fibroblast growth factors and thrombospondin, promote synapse development (Siddiqui & Craig 2011) .
We have intensively investigated the molecular mechanisms for the formation of the synapse formed between the axon of the granule cell in the dentate gyrus and the dendrite of the pyramidal cell in the CA3 area of the hippocampus, named hippocampal mossy fiber synapse, which has a large and complex structure (Rollenhagen et al. 2007; Wilke et al. 2013) . Typically, two to four presynaptic boutons, sometimes one presynaptic bouton, attach to a dendritic shaft by multiple PAJs and wrap around a highly branched dendritic spine, known as thorny excrescences, forming multiple synaptic junctions (Amaral & Dent 1981) . PSDs are localized at the heads of each of the spine branches and face toward presynaptic AZs. A single mossy fiber bouton has approximately twenty AZs in mice. Because of its enormous size, location on the proximal dendrite, and large synaptic responses (Henze et al. 2000; Bischofberger et al. 2006) , each synaptic transmission via a single mossy fiber is thought to reliably evoke an action potential in a CA3 pyramidal cell, allowing information to flow efficiently. In addition, the mossy fiber synapse exhibits presynaptic long-term potentiation and long-term depression by high-and low-frequency stimulations, respectively (Zalutsky & Nicoll 1990; Yokoi et al. 1996) , which are implicated in cellular bases for learning and memory (Malenka & Bear 2004; Kim & Linden 2007) . The mossy fiber synapse alters its morphologies in response to an electrical stimulation and learning (De Paola et al. 2003; Zhao et al. 2012; Bell et al. 2014; Maruo et al. 2016) .
Our series of studies have shown that the primordial PAJs are first formed by the trans-interaction of presynaptic nectin-1 and postsynaptic nectin-3 in a manner independent of l-afadin, N-cadherin, b-catenin and aN-catenin, and then recruit the N-cadherin-b-catenin complex via l-afadin and aN-catenin to maturate them into maturated PAJs Inagaki et al. 2003; Y. Takai, unpublished observations) . As for l-afadin, there is a shorter splicing variant, s-afadin (Mandai et al. 1997) . s-Afadin is not involved in the formation of PAJs (Y. Takai, unpublished observations). Moreover, l-afadin and/or s-afadin regulate at least partly the formation of PSDs and AZs and the assembly of docked SVs in a nectin-dependent or nectin-independent manner (Beaudoin et al. 2012; Toyoshima et al. 2014; Y. Takai, unpublished observations) .
However, our knowledge of the molecular mechanisms underlying the maintenance of the synapse, the normal aging process of the nervous system and the degeneration of the synapse in neuropsychiatric diseases is still limited. To gain basic insights into the mechanisms of the maintenance and aging processes of the synapse, we investigated here the expression levels of representative synapse-related proteins, including synapsin I, VGLUT1, CAST/Elks, MAGUIN, afadin, bcatenin, p120 ctn , c-catenin and ZO-1 by Western blot using the extranuclear supernatant fraction of the brains of mice at various ages. The results indicate that the expression levels of the synapse-related proteins are regulated orderly in an aging-dependent manner.
Results

Preparation of the brain lysates
To determine the methods to prepare the samples from the mouse brains for the expression analysis, we first compared three methods using male mice at postnatal day 13 (P13) anesthetized deeply; (i) the mice were subjected to transcardiac perfusion with the ice-cold perfusion buffer, and then, the brains were dissected out; (ii) immediately after deep anesthesia, the mouse brains were dissected out; and (iii) the mice were subjected to transcardiac perfusion with the ice-cold perfusion buffer, and were left on ice for an hour, followed by dissection of the brains. Then, each brain was cut into the cerebral cortex, the cerebellum, the hippocampus, the olfactory bulb and the rest of them. These samples were homogenized with a Teflon-glass homogenizer and centrifuged at 900 g. The supernatant that corresponded to the extranuclear supernatant fraction of the brain was collected, and 5 lg of the sample was subjected to Western blot using the indicated antibodies (Abs) (Fig. 1) . These results were not particularly different among the three methods. Therefore, we used the most convenient method 2. Figure 1 Examination of the methods to prepare the brain lysates. The lysates (5 lg per lane) were prepared from the brains of mice at P13 by the three methods described in Experimental procedures and were subjected to Western blot using the indicated Abs. 1, a long variant of Necl-1; 2, a short variant of Necl-1; 3, specific bands of Necl-2; 4, specific bands of Necl-3; 5, l-afadin; 6, s-afadin; 7, specific bands of aN-catenin; and 8, specific bands of ZO-1. Note that only nectin-2a was detected on the nectin-2 blots. MAP2, microtubule-associated protein 2; and GAPDH, glyceraldehyde-3-phosphate dehydrogenase. GAPDH and actin were used as loading controls. a, the cerebral cortex; b, the cerebellum; c, the hippocampus; d, the olfactory bulb; and e, rest of the other brain regions.
developmental and aging stages, we obtained the extranuclear supernatant fraction of the whole brains from embryos at embryonic day 13.5 (E13.5) and E18.5, and male mice at P6, P14, P30, P90, 6 months (6 M) and 15 M. Each sample was subjected to Western blot using the indicated Abs (Figs 2,3), and then, the protein bands on the blots were quantified and summarized in bar graphs (Fig. 4) . In most cases, expression levels of the proteins examined were changed depending on aging. These proteins were classified into seven groups depending on their expression profiles. The proteins, of which expression levels were gradually increased from the embryonic stage, peaked at P14, and then decreased, were classified into Group 1 (Figs 2,4). The expression of these proteins was detected by 15 M. CAST/Elks, PSD-95, nectin-1, nectin-3, Necl-1, Necl-2, Necl-3, Necl-4 and N-cadherin belonged to this group. The Group 1 proteins were further classified into two subgroups: the proteins of which expression levels at P90, 6 M and 15 M were lower than those at P6 (Subgroup 1Aa), and the proteins of which expression levels at P90, 6 M and 15 M were similar or higher than those at P6 (Subgroup 1Ab) (Figs 2, 4) . CAST/Elks, nectin-1, nectin-3, Necl-2, Necl-3, Necl-4 and N-cadherin belonged to Subgroup 1Aa, whereas PSD-95 and a short variant of Necl-1 belonged to Subgroup 1Ab. From the other point of view, the Group 1 proteins were classified into two subgroups: the proteins of which expression was nearly undetectable at E13.5 but detectable from E18.5 and thereafter (Subgroup 1Ba) and the proteins of which expression was detectable from E13.5 and thereafter (Subgroup 1Bb) (Figs 2, 4) . CAST/Elks, nectin-3, a short variant of Necl-1 and Necl-3 belonged to Subgroup 1Ba, whereas PSD-95, nectin-1, Necl-2, Necl-4 and N-cadherin belonged to Subgroup 1Bb.
The proteins, of which expression levels were gradually increased from E13.5, peaked at E18.5 or P6, and then markedly decreased from P30, were classified into Group 2 (Figs 3,4). Nectin-2, l-afadin and s-afadin belonged to this group. The proteins, of which expression levels were high from E13.5 to P14, decreased between P14 and P30, and low from Figure 2 Expression profiles of the Group 1 proteins and subclassification of the proteins. The lysates (5 lg per lane) were prepared from the brains of mice at E13.5, E18.5, P6, P14, P30, P90, 6 M and 15 M, and were subjected to Western blot using the indicated Abs. The proteins, of which expression levels were gradually increased from the embryonic stage, peaked at P14, and then decreased, were classified into Group 1. The Group 1 proteins were further classified into two subgroups depending on their expression profiles. In Group 1A, the proteins, of which expression levels at P90, 6 M and 15 M were lower than those at P6, were classified into Subgroup 1Aa; and the proteins, of which expression levels at P90, 6 M and 15 M were similar or higher than those at P6, were classified into Subgroup 1Ab. In Group 1B, the proteins, of which expressions were nearly undetectable at E13.5 but detectable from E18.5 and thereafter, were classified into Subgroup 1Ba; and the proteins, of which expressions were detectable from E13.5 and thereafter, were classified into Subgroup 1Bb. The same data shown in Group 1A were reused in Group 1B. GAPDH and actin were used as loading controls. 1Aa, Subgroup 1Aa; 1Ab, Subgroup 1Ab; 1Ba, Subgroup 1Ba; and 1Bb, Subgroup 1Bb.
P30 to 15 M, were classified into Group 3 (Figs 3,4) . b-Catenin, p120 ctn and c-catenin belonged to this group. The proteins, of which expression levels were increased from E13.5 to P14 and were not markedly changed from P14 to 15 M, were classified into Group 4 (Figs 3, 4) . Synapsin I and VGLUT1 belonged to this group. The protein, of which expression was detected from P14 and increased gradually from P14 to 15 M, was classified into Group 5 (Figs 3,4) . MAGUIN belonged to this group. The proteins, of which expression levels were almost constant from E13.5 to 15 M, were classified into Group 6 (Figs 3,4) . Necl-5 and aN-catenin belonged to this group. The protein, of which expression level was the highest at E13.5, decreased between E13.5 and E18.5, and low from E18.5 to 15 M, was classified into Group 7 (Figs 3,4) . ZO-1 belonged to this group. These results indicate that the synapse-related proteins are classified into seven groups depending on the aging-dependent expression levels and suggest that their expression levels are regulated orderly in an aging-dependent manner.
Aging-dependent expression levels of the synapserelated proteins in the brain regions
We next examined the expression profiles of the synapse-related proteins of interest in the brain regions, such as the cerebral cortex, the cerebellum, the hippocampus, the olfactory bulb, and the rest of them, of male mice at P14, P30 and P590 by Western blot. As for CAST/Elks, PSD-95, MAGUIN, nectin-1, nectin-2, nectin-3, Necl-1, Necl-2, Necl-3, Necl-4, N-cadherin and c-catenin, the expression levels were various among the brain regions at P14 (Fig. 5) . As for synapsin I, Necl-5, aN-catenin and ZO-1, the expression patterns were almost the same among the brain regions at P14. At each brain region, the aging-dependent expression of each protein was similar to that of the whole brain. The expression profiles of the variants for afadin and MAGUIN were different among the brain regions. For example, s-afadin was more abundantly expressed than l-afadin in the 'other regions'. Moreover, MAGUIN-1 variants were expressed in the cerebellum and 'other regions', whereas MAGUIN-2 was not expressed in these regions. These results indicate that the aging-dependent expression of the synapserelated proteins is not always the same among the brain regions.
Discussion
Here, we reported the expression profiles of the synapse-related proteins in the brain at various developmental and aging stages. These proteins were expressed in an aging-dependent manner. They were classified into seven groups depending on their expression profiles. The Group 1, 2 and 3 proteins were highly expressed during the period from E13.5 to P14. During this period, neural circuits and synapses are abundantly formed in the most brain regions. Therefore, it is reasonable that the proteins constituting synapses, such as the presynaptic protein CAST/Elks, the postsynaptic protein PSD-95, and Figure 3 Expression profiles of the Group 2, 3, 4, 5, 6 and 7 proteins. The lysates (5 lg per lane) were prepared from the brains of mice at E13.5, E18.5, P6, P14, P30, P90, 6 M and 15 M, and were subjected to Western blot using the indicated Abs. The proteins, of which expression levels were gradually increased from E13.5, peaked at E18.5 or P6, and then markedly decreased from P30, were classified into Group 2. The proteins, of which expression levels were high from E13.5 to P14, decreased between P14 and P30, and low from P30 to 15 M, were classified into Group 3. The proteins, of which expression levels were increased from E13.5 to P14 and were not markedly changed from P14 to 15 M, were classified into Group 4. The protein, of which expression was detected from P14 and increased gradually from P14 to 15 M, was classified into Group 5. The proteins, of which expression levels were almost constant from E13.5 to 15 M, were classified into Group 6. The protein, of which expression level was the highest at E13.5, decreased between E13.5 and E18.5, and low from E18.5 to 15 M, was classified into Group 7. The loading controls, GAPDH and actin, were shown in The normalized protein amount at each time point was calculated as a ratio of the signal intensity for the protein band relative to that for the lane's loading control, actin. 1Aa, Subgroup 1Aa; 1Ab, Subgroup 1Ab; 1Ba, Subgroup 1Ba; and 1Bb, Subgroup 1Bb. Red bars in Group 1A, bars after P90 in the graphs for the Subgroup 1Aa proteins; and blue bars in Group 1A, bars after P90 in the graphs for the Subgroup 1Ab proteins. Note that the Subgroup 1Aa proteins and the Subgroup 1Ab proteins were classified depending on their expression levels from P90. Red bars in Group 1B, bars at E18.5 in the graphs for the Subgroup 1Ba proteins; and blue bars in Group 1B, bars at E13.5 in the graphs for the Subgroup 1Bb proteins. Note that the Subgroup 1Ba proteins and the Subgroup 1Bb proteins were classified depending on the time point when the protein expression was detected, E13.5 or E18.5. the PAJ proteins nectin-1, nectin-3, l-afadin, N-cadherin and b-catenin are highly expressed in this period. From P14, the expression levels of these proteins were decreased. One of the reasons for the decrease might be due to the elimination of synapses and neural circuits that have been excessively formed. Another reason for the decrease might be due to that these proteins are not required to maintain the synapse. Thus, the difference of the expression levels among the Group 1, 2 and 3 proteins from the embryonic stage to P30 might be ascribed to the different contributions of the proteins to the development of the brain. Likewise, the difference of the expression levels among the Group 1, 2 and 3 proteins from P90 might be ascribed to the different contributions of the proteins to the maintenance of the brain. The Group 1 proteins were further classified into subgroups (Subgroup 1Aa and Subgroup 1Ab) depending on their expression levels at P90, 6 M and 15 M compared to that at P6, or the subgroups (Subgroup 1Ba and Subgroup 1Bb) depending on the time point when the protein expression was detected, E13.5 or E18.5. The expression levels of Subgroup 1Ab proteins of Group 1, including PSD-95 and a short variant of Necl-1, were apparently increased from P90 to 15 M. They might be required to compensate for the aging-dependent loss of neural functions and for the change of the homeostasis of the brain. It is noteworthy that the expression levels of other members of the Group 1 proteins, such as CAST/Elks, Necl-2, Necl-3, Necl-4 and N-cadherin, were increased from P90 to a lesser extent, compared to those of PSD-95 and a short variant of Necl-1. It is speculated that the Subgroup 1Ba and 1Bb proteins of Group 1 are involved in different developmental processes including the formation of the synapse, the cerebral cortex, the neural circuit and the myelin . Group 4 included synapsin I and VGLUT1. Their expression levels were gradually increased from E13.5 to P14 and not markedly changed from P14 to 15 M. Given that the formation and elimination of the synapse are completed during childhood and adolescence (Penzes et al. 2011) and that synapsin I and VGLUT1 are required for the regulations of exocytosis of synaptic vesicles (Rosahl et al. 1995; Takamori 2006) , it is reasonable that synapsin I and VGLUT1 are highly expressed from P14 to 15 M. Group 5 included MAGUIN. MAGUIN is a scaffolding protein at the PSD (Yao et al. 1999 ) and related to X-linked intellectual disability and schizophrenia (Houge et al. 2012 ; Schizophrenia Working Group of the Psychiatric Genomics 2014). Moreover, MAGUIN regulates the spine morphogenesis (Lim et al. 2014) . Thus, it is speculated that MAGUIN is required to maintain the synapse. This might be the reason why the expression level of MAGUIN is gradually increased from P14 and maintained at high levels in adulthood. Group 6 included Necl-5 and aN-catenin. aN-Catenin is involved in cell adhesion and expressed widely in the brain. This might be the reason why the expression level of aN-catenin was not markedly changed throughout the life. The physiological role of Necl-5 in the brain is not known, although it was identified as a cellular receptor for poliovirus (Mendelsohn et al. 1989) . Group 7 included ZO-1. ZO-1 is localized at tight junction in epithelial cells and localized at PAJs that are the similar structures to adherens junctions of epithelial cells at the hippocampal mossy fiber synapse (Inagaki et al. 2003) . The function of ZO-1 at PAJs is currently unknown. However, our preliminary results suggest that l-afadin, aN-catenin and ZO-1 cooperatively regulate the formation of PAJs in the hippocampal mossy fiber synapse (Y. Takai, unpublished observations). ZO-1 is associated with the nectin and cadherin cell adhesion systems through afadin and acatenin, respectively Yokoyama et al. 2001) and regulates dendritic filopodial dynamics, which is implicated in dendrite morphogenesis in cultured hippocampal neurons (Komaki et al. 2013) . aN-Catenin is required for the morphogenesis of the dendritic spines probably via the aN-catenin-actin cytoskeleton linkage (Rimm et al. 1995; Togashi et al. 2002) . aN-Catenin is also required for lamination of the hippocampus and cerebellum (Park et al. 2002; Togashi et al. 2002) . Therefore, ZO-1 and aN-catenin might be involved in the maintenance of the brain structure in addition to brain development.
The Group 1, 2 and 3 proteins were the proteins of which expression levels at P14 were higher than those at P30, P90, 6 M and 15 M. Among them, all of the Group 1 proteins, nectin-2 of the Group 2 protein and c-catenin of the Group 3 protein showed diverse regional expression levels. In contrast to them, the Group 4, 6 and 7 proteins, of which expression levels were not markedly changed from P14, showed subtle difference in the regional expression levels. Therefore, most of the Group 1, 2 and 3 proteins, the proteins of which expression level are changed from P14, may play a specific function in each of the brain regions. For example, nectin-1, nectin-3 and afadin play important roles in the formation of the hippocampal mossy fiber synapse (Honda et al. 2006; Toyoshima et al. 2014) . Moreover, nectin-1 regulates the branching of the olfactory mitral dendrites (Fujiwara et al. 2015) . Furthermore, nectin-1, nectin-2, nectin-3 and afadin play crucial roles in development of the cerebral cortex and hippocampus (Gil-Sanz et al. 2013 Yamamoto et al. 2015; Miyata et al. 2016 Miyata et al. , 2017 .
The proteins functionally related did not always show the similar expression profiles. For example, Ncadherin and aN-catenin, and nectin-1, nectin-3 and afadin are involved in the formation of the PAJs. However, their aging-dependent expression profiles are various among them. These findings indicate that they have functions other than cell adhesion or that there are unidentified proteins functioning with these cell adhesion-related proteins.
The more systematic proteome analysis of the rat brain at 6 M and 24 M was previously reported (Ori et al. 2015) . All of the synapse-related molecules examined here in this study except nectin-2, nectin-3, Aging-dependent expression profiles of the synapse-related proteins in the mouse brain regions. The lysates (5 lg per lane) were prepared from the cerebral cortex, the cerebellum, the hippocampus, the olfactory bulb, and the rest of them, of mice at P14, P30 and P590, and were subjected to Western blot using the indicated Abs. GAPDH and actin were used as loading controls. 1, a long variant of Necl-1; 2, a short variant of Necl-1; 3, specific bands of Necl-2; 4, specific bands of Necl-3; 5, l-afadin; 6, s-afadin; 7, specific bands of synapsin I; 8, variants of MAGUIN-1; 9, variants of MAGUIN-2; 10, specific bands of aN-catenin; and 11, specific bands of ZO-1. Note that only nectin-2a was detected on the nectin-2 blot. OB, the olfactory bulb; CC, the cerebral cortex; Hip, the hippocampus; Cbl, the cerebellum; and Others, rest of the other brain regions. a, P14; b, P30; and c, P590.
Necl-5 and aN-catenin were examined in this Ori's paper. The Ori's paper reported that the respective expression levels of VGLUT1, Necl-4, afadin and ZO-1 at 6 M were higher than those at 24 M and that the expression level of p120 ctn at 6 M was lower than that at 24 M. Consistently, we showed here that the respective expression levels of VGLUT1, Necl-4, afadin and ZO-1 at 6 M were higher than those at 15 M and that the expression level of p120 ctn at 6 M was lower than that at 15 M. However, the Ori's paper reported that the respective expression levels of CAST/Elks, PSD-95, MAGUIN, nectin-1, Necl-1, Necl-2, Necl-3, N-cadherin and b-catenin at 6 M were higher than those at 24 M, that the expression level of c-catenin at 6 M was lower than that at 24 M and that the expression level of synapsin I was similar at 6 M and 24 M. These results were inconsistent with our results, in which we showed here that the respective expression levels of CAST/Elks, N-cadherin and b-catenin were similar at 6 M and 15 M, the respective expression levels of PSD-95, MAGUIN, nectin-1, Necl-1, Necl-2 and Necl-3 at 6 M were lower than those at 15 M, and the respective expression levels of synapsin I and c-catenin at 6 M were higher than those at 15 M. The exact reasons for these inconsistent results are currently unknown, but may be caused by the different time points and animal species examined in this study and the Ori's paper.
The present study suggests that the unbiased comprehensive analyses for the life-span protein expression profiles in the mouse brain are informative. These analyses would give a chance to understand the mechanisms for the aging-dependent change of the brain or the pathology of certain diseases of which symptoms are worsen by aging. In addition, the similar analysis for the brain regions susceptible to neuropsychiatric diseases, such as the prefrontal cortex and hippocampus, would be helpful to understand the pathology of these diseases.
Experimental procedures
Mice C57BL/6J mice were obtained from CLEA Japan, Inc. (Tokyo, Japan). The morning after coitus and the day of birth were defined as E0.5 and P0, respectively. All animal experiments were carried out in accordance with the guidelines of the institution and approved by the administrative panel on laboratory animal care of Kobe University. This study was approved by the president of Kobe University after being reviewed by the Kobe University Animal Care and Use Committee (the approval number: P150703).
Examination of the methods to prepare the brain lysates
Three methods were compared using male mice at P13 anesthetized deeply: (i) the mice were subjected to transcardiac perfusion with the ice-cold perfusion buffer consisting of 1 9 Hanks' balanced salt solution with calcium and magnesium (Thermo Fisher Scientific, Waltham, MA, USA), cOmplete Mini protease inhibitor cocktail (Roche Applied Science, Mannheim, Germany) and Phosphatase inhibitor cocktail-3 (SigmaAldrich, St. Louis, MO, USA), and then, the brains were dissected out; (ii) immediately after deep anesthesia, the brains were dissected out; and (iii) the mice were subjected to transcardiac perfusion with the ice-cold perfusion buffer, and were left on ice for an hour, followed by dissection of the brains. Each brain was cut into the cerebral cortex, the cerebellum, the hippocampus, the olfactory bulb and the rest of them. Each sample was homogenized with a Teflon-glass homogenizer in the TBS buffer consisting of 20 mM Tris-HCl, pH 7.4, 1 mM EDTA, 150 mM NaCl, cOmplete Mini protease inhibitor cocktail and Phosphatase inhibitor cocktail-3. The homogenates were centrifuged at 900 g for 15 min. Five microgram of each supernatant was subjected to Western blot.
Preparation of the brain lysates
The brains were obtained from embryos at E13.5 and E18.5, and male mice at P6, P14, P30, P90, 6 M and 15 M. The brain at each time point was homogenized with a Teflon-glass homogenizer in the TBS buffer. The homogenates were centrifuged at 900 g for 15 min. The supernatants were stored in liquid nitrogen until use. For the analysis of the brain regions, the cerebral cortex, the hippocampus, the olfactory bulb, the cerebellum, and the rest of them were dissected out from the brains at P14, P30 and P590. Five microgram of each supernatant was subjected to Western blot.
anti-c-catenin (610254; BD Biosciences); rabbit anti-aN-catenin (ab11347; Abcam, Cambridge, UK); mouse anti-PSD-95 (73-028; NeuroMab); mouse anti-MAP2 (M4403; SigmaAldrich); rabbit anti-GAPDH (#2118; Cell Signaling Technology, Danvers, MA, USA); and mouse anti-pan-actin (MAB1501R; EMD Millipore). Horseradish peroxidase-conjugated secondary Abs were purchased from GE Healthcare (Chicago, IL, USA). The polyclonal Abs listed below were described previously: rabbit anti-l/s-afadin (Mandai et al. 1997) ; rabbit anti-CAST/Elks (Deguchi-Tawarada et al. 2006); rabbit anti-Necl-1 (Kakunaga et al. 2005) ; rabbit anti-Necl-2 (Kawano et al. 2009 ); rabbit anti-Necl-3 (Yamana et al. 2015) ; and chicken anti-Necl-5 (Minami et al. 2010) . The rabbit polyclonal Ab against MAGUIN was raised against a 19-mer synthetic peptide corresponding to the amino acid residue 759-777 (RKTASQRRSWQDLIETPLT) of mouse MAGUIN-1 (GenBank accession number: NP_808419). The peptide was coupled via cysteine at the amino-terminal residue to keyhole limpet hemocyanin and was used for immunization. The antiserum was purified with the synthetic peptide and was used as the anti-MAGUIN Ab.
Western blot analysis
Protein lysates were mixed with an SDS sample buffer consisting of 60 mM Tris-HCl at pH 6.7, 3% SDS, 2% 2-mercaptoethanol and 5% glycerol, and boiled for 5 min. Then, the samples were separated by SDS-PAGE and transferred to Immobilon-P polyvinylidene difluoride membranes (EMD Millipore). After being blocked with 1% skim milk in Trisbuffered saline plus 0.05% Tween-20, the membranes were incubated with the indicated Abs at room temperature overnight. After being washed with Tris-buffered saline plus 0.05% Tween-20 three times, the membranes were incubated with horseradish peroxidase-conjugated secondary Abs. The signals for the proteins were detected using Immobilon Western Chemiluminescent HRP Substrate (EMD Millipore). Protein concentrations were determined with bovine serum albumin as a reference protein using Bio-Rad Protein Assay Kit II (Bio-Rad, Hercules, CA, USA). The signal intensities of the protein bands for representative proteins in each group were quantified using IMAGEJ software (NIH, Bethesda, MD, USA).
